Introduction

39
Optimising the conversion of available feed to saleable products (wool, milk or meat) is the key to 40 profitable grazing. Setting stocking rate to annual pasture production and matching available feed to animal 41 requirements are the key elements to ensure that this is achieved (Doyle et al. 1997) . Optimizing grazing 42 management requires knowledge about the amount and nutritive characteristics of the feed on offer. A good 43 estimate of regional means for the most important nutritive characteristics for a region would, therefore, be a 44 very useful as starting point. Comparisons of the nutritive value of feed on offer in paddocks with regional 45 means also provides means to benchmark grazing management and pasture improvement and adjust rule-of-46 thumb recommendations for supplementary feeding. 47 6 broadleaves. There were 36 plots within this paddock, each plot 60 m long by 60 m wide. Planned treatments 128 consisted of various rates of urea (0, 45, 90 and 135 N kg ha -1 ), muriate of potassium (0, 50 and 100 kg K ha -129 1 ) or gypsum (0, 25 and 50 kg S ha -1 ), resulting in 36 unique combinations of fertilizer input, one for each 130 plot. S was chosen as a treatment because in previous years at Vasse, S was deficient in spring when high 131 groundwater tables reach the surface and soil S becomes unavailable to plants. Under high N supply, S 132 deficiency can limit yield and quality (crude protein content) of pastures (Gierus et al. 2005) . For N and K, 133 only 2 (of the 3 planned) split applications were administered due to the very late first rains on the 13 th of 134 June, reducing the planned treatment rates by one-third. Gypsum (S) was all applied only once. At Vasse, 135 large amounts of S are stored in the subsoil, however, this becomes inaccessible to plant roots when 136 groundwater levels approach the surface. In 2006, groundwater levels didn't reach the surface due to low 137 winter rainfall and as a consequence it was expected that an ample supply of S was available to the plants. 138 Therefore, no second and third applications of Gypsum were administered. The paddock was grazed with 139 steers or heifers, aimed at maintaining the above ground biomass between 2,500 -3,500 kg DM ha Ryegrass (Lolium rigidum Gaud., cv Wimmera, early flowering), Italian Ryegrass (Lolium multiflorum Lam., 144 cv Rocket), Subterraneum clover (Trifolium subterraneum, cv Dalkeith), Biserrula (Biserrula pelecinus, cv. 145 Casbah) or Balansa clover (Trifolium michelianum, cv. Paradana) and Serradella (Ornithopus spp., cv. 146 Santorini)] were sown onto the plots. The legume seeds were inoculated with Alosca® prior to sowing. Both 147 experiments were a randomized block design consisting of 36 plots 10 m wide by 20 m long with 3 blocks of 148 12 plots containing the replicates. N application rates (0, 35 and 70 kg/ha) were varied on 4 sub-blocks, 149 consisting of 3 plots, within the block for each replicate. Sub-blocks contained sown grasses and volunteer 150 pasture (3 sub-blocks per block) or legumes and volunteer pasture (1 sub-block per block). N application 151 rates were varied across sub-blocks, but no N was applied to the sub-block with legumes. 152 At Vasse, 3 weeks after the break-of-season (April), weeds were controlled with glyphosate prior to 153 sowing. The plots were sown on 21 May with Wimmera Ryegrass, Italian Ryegrass, Subterranean clover, 154
Balansa clover or Serradella. Following some light rains shortly after sowing, a long dry spell prevented plant 155 emergence until the end of June. The sown legumes did not emerge and these plots were discarded from the 156 including green and dead material, was recorded. These visual assessments undertaken by an experienced 176 pasture technician were calibrated for each day of assessment by collecting plant material from about 15 177 samples covering the full range in FOO estimates in 15 quadrats (0.1 m 2 ) cut to ground level using electric 178 clippers. Samples collected from quadrats were rinsed in water to remove soil and dried at 60 o C to determine 179 DM content. Reflectance spectra were recorded with a hand-held spectrometer (ASD FieldSpec Jr, ASD, 180
Boulder, Colorado, USA) and were used to estimate the fraction of green and dead material. Abundance of 181 green and dead material and soil was estimated with fully constrained linear spectral un-mixing procedures 182 based on continuum removed spectra (see Heinz and Chang (2001) After a number of iterations, non-significant terms were removed until only significant terms with a F 213 probability <0.05 remained. When only interactions were significant, main effects were not removed. 214
It was important to account for the residual error, as it will contribute to the variation in any 215 measurements taken. This error describes the variation between replicates when accounting for site, block 216 and treatment effects (using REML) and may be due to measurement error and random variation. The 217 random error was estimated for the experiments in 2007 at each harvest using a REML procedure with N, 218 pasture type and the interaction modelled as fixed effect and plot number and block number modelled as 219 random effect. The mean of these errors was calculated for each variable of interest. Genstat release 11 (VSN 220
International) was used to undertake the statistical analysis. 221
222
Seasonality model relating nutritive characteristics to temperature 223
The data collected in the experiments were compared with a model relating cumulative temperatures 224 to historical DMD and CP values (Schut et al. 2006a) . For DMD, the model was based on data collected in 225 WA for all annual pasture types, whereas, for CP, the model included data collected in WA from pastures 226 dominated by broadleaf species. A total of 8 data-sets were included, combining 466 samples for DMD and 227 297 for CP, analysed with traditional wet chemistry at various laboratories. In this work, a generalised 228 logistic curve (often referred to as the Richards function) was used to describe the relationship between daily 229 mean temperatures above 4.5 o C cumulated from 21 June onwards (temperature sum). Confidence intervals 230 (P<0.05) for a new observation based on the normal distribution were determined to indicate the maximum 231 (within or between field) variation to be expected at a specific moment in time. Variation within and between 232 paddocks due to differences in management, and pasture type were estimated by determining the maximum 233 differences in modelled effects (REML) for experiment and pasture type at a DMD of 75 and 50% 234 representing mid-winter and late spring, respectively. 235
Results
236
In 2006 
Effects of treatments on plant nutrient concentration 249
The concentration of K, P and S in plants at Vasse and Badgingarra increased as the application rate 250 of K, P and S increased with the effects being more pronounced in winter than in spring (Table 1) . Similarly, 251 the concentration of N in plants at Vasse, Badgingarra and Avondale increased as the application rate of N 252 increased with differences in concentration being more pronounced in spring than in winter (Table 2) . 253
254
INSERT TABLES 1, 2 and 3 ABOUT HERE 255
The experiment at Badgingarra in 2006/07 was located on a very P deficient site and the application 256 of P increased significantly (P<0.001) the concentrations of P in the first sampling/harvest (before flowering) 257 of 2006. The concentration of P increased from 0.28 to 0.31 and 0.33 % for the zero, medium and high P 258 application treatments, respectively (Table 1) . However, the effect of P application diminished later in the 259 growing season. The concentration of K at the first samplings at Badgingarra differed significantly (P<0.001) 260 between treatments but the levels were much higher than in the Vasse experiment (Table 1 ). The N 261 concentrations were not significantly affected by N treatments (Table 2) or by the application of P or K 262 (Table 3) . 263
Concentrations of N, P and K differed significantly (P<0.001) for the two pasture types, with a 264 lower concentration for plots dominated by Brome-grass than for plots dominated by broadleaf species and 265
Barley grass (Table 3 ). The significant (P<0.001) interaction between harvest and pasture type was due to the 266 later onset of the decline in concentration for the plots dominated by broadleaf species than for Brome-grass 267 plots (Figure 1) . 268
For the experiment at Vasse in 2006/07, the concentrations of K were low and ranged from 1.64-269 2.15 % in early August, 1.25-1.63% in early September and 1.36-1.75% in late September for zero, medium 270 and high applications of K, respectively (Table 1 ). The plots without K appeared to suffer from severe K 271 deficiency, resulting in very low K concentrations in August. The concentrations of N and K responded 272 significantly (P<0.001) to the application of N and K respectively (Table 2 and 3) . 273
The concentrations of N, K or S were not significantly affected by pasture type (Table 3 ). The 274 concentration of N differed significantly (P<0.001) between harvests and there was a significant (P<0.001) 275 interaction between the applications of S and N. High S supply increased N concentration but this was 276 moderated when combined with medium N supply. For the concentration of S, only differences between 277 harvests (P<0.001) and S supply (P<0.05) were significant. Both S treatments (25 and 50 kg of S/ha) 278 significantly (P<0.001) increased the concentration of S at the August harvest (Table 1) . 279
For the experiments at Vasse and Avondale in 2007/08, N application significantly (P<0.001) 280 affected the concentrations of N for the spring harvests in September and October respectively ( Table 2) . 281
The high level of N concentration for the zero N treatment indicates that the soil-N availability was very high 282 at Avondale. This resulted in higher levels of N concentration for all N treatments at Avondale than in the 283 other experiments. The concentration of N was affected by pasture types at both sites (Table 3 ). There were 284 significant (P<0.05) interactions between harvest number and pasture type, and harvest number and N 285 application rate. These interactions indicate that rates of change and thus change in pattern of the 286 relationships between pasture types and N application levels significantly differed over time (Table 3 (Table 5) . Experiments were a significant term for all pasture quality variables; 333 experiment explained an additional 1.9, 3.6, 5.0 and 8.1 % of the variation in concentrations of DMD, NDF, 334 ADF and CP, respectively. In addition to seasonality and experiments, pasture type was also a significant 335 term. However, it only explained a very small amount of the additional variation. Of the total unexplained 336 variation, 4.6% (DMD), 5.3% (NDF), 6.2% (ADF) and 23.8% (CP) was explained by the effects of 337 experiments, pasture type and fertilizer application. Of the fertiliser applications, only the application of N 338 significantly affected CP concentrations of the pastures. 339
There were significant interactions between seasonality, and experiments, pasture type or N 340 application for DMD and concentrations of NDF and ADF. This is highlighted in a difference in the slope of 341 the relationships between seasonality and DMD and concentrations of NDF or ADF. The interactions only 342 explained a very small amount of additional variation for DMD and concentrations of NDF and ADF. 343
However, for CP the interaction between seasonality and experiment explained an additional 11.7% of the 344 variation ( Table 5) . As a consequence, there were large differences in the slope of the relationships between 345 CP and seasonality for the different experiments ( Figure 5) . 346
The estimated random component of variation, determined by the differences between replicates and 347 not due to block effects, was 2.7% DMD, 3.3% NDF, 2.3% ADF and 2.2% CP. These random errors were 348 just over half the error of the model which included seasonality only (Table 5) . 349
Predicted effects of experiment and pasture type on nutritive characteristics 350
After accounting for the variation due to seasonality, the average range There were large differences in NDF and ADF between experiments in comparison to DMD 360 (Figures 2 and 3) . These large differences can be attributed to the lower NDF and ADF values at Vasse in 361 2007/08, which were due to a higher net grazing pressure, resulting from lower pasture growth due to 362 waterlogging. The effect of experimental site on CP was large (17.4% in winter and 1.5% in summer 363 respectively), especially during the green phase of the season. 364
In addition to the effect of experimental site, pasture type had a significant yet moderate effect on 365 DMD, ADF and CP (differences of up to 4.4, 3.9 and 5.2%, respectively). By comparison, the effect on NDF 366 was large (differences of up to 11.4%). In general, the legumes had a higher DMD and CP and a lower ADF 367 and NDF than the pasture types dominated by grasses or broadleaf species. 368
Differences in the nutritive characteristics between pasture types changed during the season as 369 demonstrated by the significant pasture type and seasonality × pasture type terms in Table 5 . However, this 370 was mainly due to a difference in the rate of change of DMD, NDF and ADF during the season. These rates 371 of change were similar for the volunteer pasture types and the sown legumes, but Wimmera and Italian 372
Ryegrass had a higher rate of change from winter to summer. 373
Discussion and conclusions 374 Seasonality, as described by the cumulative temperature, explained 82, 79, 79, and 62 % of the 375 variation in DMD and concentrations of NDF, ADF and CP respectively. Differences due to site 376 characteristics and grazing management were significant but small and explained additional variation on top 377 of seasonality for all of the nutritive characteristics, (1.9, 3.6, 5.0 and 8.1% for DMD, NDF, ADF and CP 378 respectively). 379
The relationship provides a simple means to describe the DMD and concentrations of NDF and 380 ADF of an average pasture in Mediterranean climates of Australia. The DMD values from the four 381 experiments fitted well within the confidence intervals of historical data and spanned the full range (Schut et 382 al. 2006a) . It demonstrates that the most important sources of variation were covered in our experiments, and 383 that these confidence intervals can be used to identify the amount of spatial variation to be expected, 384 providing values for high and low quality pastures. The differences between the extremes, i.e. very good and 385 poor pastures, that can be expected at any time in the growing season is 18.8, 27.8, 18.4 and 15.7% for DMD 386 and concentrations of NDF, ADF and CP respectively. About half of this spatial variability can be attributed 387 to unexplained (random) variation, the other half can be explained by differences between pasture species, 388 comparisons between sites were calculated for broadleaves, and comparisons between pasture types for 549
Avondale including all significant terms as listed in Table 5 . Table 5 . Percentage of variation explained and the root mean squares error (RMSE) of the models after sequentially adding significant components (P<0.05 based on F-594 test) of variation to describe in-vitro dry matter digestibility (DMD), neutral detergent fiber (NDF), acid detergent fiber (ADF) and crude protein (CP) with fitted REML 595 models. Components of variation included were seasonality (Se, temporal variation determined by estimates of CPs and DMDs), experiment (E), pasture type (T), nitrogen 596 application rate (N) and their interactions. The random component of the RMSE describes the residual error which originates from differences between replicates after 597 accounting for block and all significant and insignificant treatment effects. 
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